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Abstract 
Greenhouse gas (GHG) emission from waste is a major environmental problem. Globally, the waste 
management sector contributes an estimated 5% of the total anthropogenic GHG emissions. This 
paper estimates GHG emissions from football clubs in the England, where football is the highest 
profile and most popular sport, with large numbers of spectators and significant quantities of 
waste being produced. Football clubs should be more committed to reducing their GHG emissions 
by improving their waste management. The amount of GHG emitted from eight football tiers in 
England is assessed through methods including interviews, observations and questionnaires. The 
results reveal that in the 2012/13-football season, over 9 million spectators watched football in 
the lower leagues, with mean waste per spectator of 3.27 kg. 30,146,000 kg of waste was generat-
ed at the 8 football tiers, and the amount of waste sent to the landfill was about 74,000,000 kg, 
which resulted in GHG emissions of approximately 2,100,000 kg CO2e. The implications for better 
waste management at football leagues are outlined. 
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1. Introduction 
The world’s population has already exceeded seven billion and is still growing [1]. Waste generation, is directly 
related to population density, and is responsible for greenhouse gas (GHG) emissions at landfill, which has neg-
ative environmental impact. Directive 2008/98/EC Article 3 (1) defined waste as any object or substance which 
a person discards or is required to discard or intends to discard [2]. Increased solid waste generation is attributed 
to industrialisation, globalization and rapid economic development. At a global level, the waste management 
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sector contributed an estimated 5% of the total anthropogenic emissions in 2012 [3]. In light of this development, 
the waste sector can now be an emission saver instead of an emission generator by implementing sustainable 
waste management plans. Sport is now part of the society because millions of spectators watch games on a reg-
ular basis [4]. But as one of many human activities, wastes produce GHG emissions at landfills, which has be-
come a global concern that needs to be addressed. 
1.1. Waste Management 
The collection, recycling, treatment and disposal of increasing quantities of solid waste remain a major chal-
lenge. UNEP reported that in 2012, around 11.2 billion tonnes of waste was collected globally [5]; emissions 
from commercial and industrial waste landfill generated 2.3 Mt CO2e and the decomposition of organic mate-
rials at the landfill contributes around 5% of all global greenhouse gas emissions [6]. In the UK, the waste sector 
is responsible for 17 million tonnes of carbon emissions a year [6] [7]. During 2013, in England alone, approx-
imately 177 million tonnes of waste could be attributed to poor use of resources, having huge economic impacts 
to both individuals and businesses [8]. The issue of reducing, reusing and recycling waste rather than dumping it 
in landfill therefore, reduces these environmental impacts.  
A holistic approach to waste management has positive consequences for greenhouse gas emissions from var-
ious sources [4]. Waste can be classified by its source and by its properties as shown in Figure 1 [9]. Waste 
generated from sport is classified under commercial waste, which according to Chartered Institute of Waste 
Management is defined as waste from premises used exclusively or primarily for the purposes of a business or 
for the purpose of entertainment, education, recreation or sport [10].  
To effectively manage waste, the waste hierarchy should be applied. This is the classification of waste man-
agement options in order of their environmental impact, such as: reduction, reuse, recycle and recovery 
[11]-[14]. The waste hierarchy has five stages: prevention, preparing for re-use; recycling; other recovery e.g. 
energy recovery; and disposal [2] [14]-[17].  
The main purpose of the waste hierarchy is to extract the maximum practical benefits from products and to 
generate the least amount of waste as revealed in Figure 2. However, there are some wastes for which the man-
agement options are limited and the best environmental option with the least impact lies towards the bottom of 
the hierarchy [18] [19]. In deciding the most appropriate waste disposal route, both economic and environmental 
benefits need to be considered.  
1.2. Waste and Sport 
When considering materials used by spectators and participants engaging in sport, it is evident that resources 
from water, energy and other consumables are required. Inevitably, sport leads to the generation of waste and 
pollution, which releases emissions of greenhouse gases [20] [21]. There is now a growing recognition that 
waste is one of the major environmental problems associated with mega sporting events such as the World Cup, 
the Olympic Games, and Football Association (FA) Cup final. For example, the 2004 FA Cup Final held at Mil-
lennium Stadiumin Cardiff resulted in 59 tonnes of waste, which is equivalent to 0.81 kg/spectator [22]. The 
2012 FA Cup Final held in Wembley Stadium resulted in 24 tonnes of waste (of which 25% was sent to the 
landfill), reflecting 0.27 kg/spectator [23]. The 2013 FA Cup Final resulted in slightly less waste (21.5 tonnes 
with 18% sent to landfill) with the equivalent of 0.25 kg/spectator [24]. 
 
 
Figure 1. Waste classification framework. Source: (DEFRA 2011).          
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Figure 2. Waste hierarchy in UK. Source: (DEFRA 2007).                 
 
In regards to World Cups, the South African World Cup in 2010 generated waste of 1.8 kg/spectator [25] 
which is 5 times more than the waste generated at the 2006 World Cup, due to the quantity of waste generated 
and lack of proper waste management practice. The Olympics in Beijing 2008 produced about 48,000,000 kg of 
waste [26] with 6.8 million spectators resulting in 7.06 kg/spectator. However, the London 2012 Olympic games 
recorded about 10,000,000 kg of waste [27] with 11 million spectators, resulting in 0.91 kg/spectator [28]. This 
shows that sports generate a tremendous amount of waste but in different proportion depending on the sporting 
event. 
Therefore, the sports sector has a major part to play both in cutting waste resulting from events and also in 
emission reduction from waste sent to landfill. Moreover, the overall climatic impact of the waste management 
system depends on proper accounting for waste generated, recycled and landfilled. At football league levels, the 
magnitude of these emissions are difficult to determine due to poor data collection on the proportions of waste 
generated, recycled and landfilled. The aim of this study is to estimate the amount of waste and greenhouse gas 
emitted from landfill waste over a range of football league tiers in England.  
Within England, football is played at different levels, with eleven tiers making up the English pyramid system. 
The Premier League is the top tier followed by the Championship and Football Leagues One and Two. Below 
these is the National League System, which stretches from the Football Conference Premier Division through to 
County Leagues [29]. A total of 59 leagues incorporating 84 divisions across the country provide a feeder sys-
tem through to the Football League. The lower leagues, consisting of more than 900 clubs, cover smaller geo-
graphical areas. Going down through the levels in the National League System the number of spectators at each 
game drops but the number of games increases, and when aggregated nationally are on par with numbers for the 
Premier League [29] [30].  
Football clubs are slower than other industries to adopt environmental management practices and develop 
Corporate Social Responsibility (CSR) strategies. Although they are addressing Environmental sustainability, 
most do so in a non-strategic way with no formalized management systems. At higher football levels (Tiers 1 
and 2) environmental considerations are sometimes packaged with a club’s corporate social responsibility pro-
gramme. For example Arsenal FC has a Waste Recycling Center, which recycles 10 tonnes of cardboard and 
plastic, and 1.5 tons of glass every month [31]. Manchester City FC has significantly improved their waste dis-
posal over the past seven years, to the extent that none of their waste goes to landfill [32]. Similarly Manchester 
United FC has achieved 100% diversion of waste from landfill and has reduced waste generated yearly [33]. 
Previous studies on mega sporting events encourage actions that promote environmental sustainability to be 
taken [34], and in England, the contribution of football clubs to climate change are increasingly a focus of dis-
cussion and debate [35]. Although, clubs at the Premier League and Championship have started to reduce their 
environmental impact, but limited step is taken by the clubs in the non-league levels to reduce their environ-
mental impacts [36]. Currently there is scarcity of studies in the literature on the environmental impact of lower 
level football clubs on day-to-day basis. As such, this paper will focus on waste generation and GHG emissions 
from waste sent to landfill among football clubs within eight leagues, from tier 3 to tier 10 in England. The 
quantity of waste and GHG emissions from these levels will also be extrapolated to the National level. 
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2. Methodology 
A survey research method was adopted for this study in order to examine waste management practices and then 
to calculate the estimated landfill waste GHG emissions from eight football tiers in England (Tier 3 - Tier 10) as 
shown in Table 1. In addition to interviews and physical observations, structured questionnaires were also used 
to collect data from football clubs and waste contractors. The football tiers, clubs, leagues and waste contractors 
selected are shown in Table 2. 
In collaboration with Essex FA one club was selected from each tier from 3 to 10 to be representative of clubs 
at that tier. Due to variations in the clubs at tier 5 another 2 clubs were selected to account for the variation in 
tier composition. Site surveys were carried out at the study locations as to observe and examine the current prac-
tices of waste management. An observational checklist was used to record the findings from the surveys and 
questionnaires were used to identify the level of knowledge and awareness on football waste management 
among respondents.  
The questionnaire was designed such that data could be collected on not only annual waste generated by 
football clubs at each level, but also on waste policy, waste contractor, types of waste generated, types and size 
of waste containers, frequency of waste collection, percentage waste diverted from the landfill and percentage 
 
Table 1. The football tier in England.                                                                          
Football Tier League/Non-League Name Number of Clubs 
1 Premier League 20 
2 Football League Championship 24 
3 Football League One 24 
4 Football League Two 24 
5 Conference Premier 24 
6 Conference North & South 44 
7 Northern, Southern & Isthmian League Premier Division 66 
8 Northern, Southern & Isthmian League Lower Division 123 
9 Top tier of 14 regionally based leagues 291 
10 15 divisions in 2nd tier of regionally based feeder leagues 285 
11 46 largely county-based feeder leagues Over 327 
Note. Football tiers was adapted from Football Insights 2007 [37] and Football Pyramid 2012 [30]. 
 
Table 2. Football tiers, leagues, clubs and their waste contractors.                                                       
Football Tier League Football Club Waste Collector/Contractor 
Tier 3 League 1 Colchester United Colchester Skip Hire Environmental Ltd 
Tier 4 League 2 Southend United Veolia Environmental Services 
Tier 5 
Conference Premier 
Conference Premier 
Conference Premier 
Braintree Town 
Dartford 
Cambridge United 
Braintree District Council 
Veolia Environmental Services 
Mick George Limited 
Tier 6 Conference South Chelmsford City Chelmsford City Council 
Tier 7 Isthmian Premier East Thurrock Veolia Environmental Services 
Tier 8 Isthmian Division One North Aveley Ahern Waste Limited 
Tier 9 Thurlow Nunn Premier Division FC Clacton Veolia Environmental Services 
Tier 10 Essex Senior League Barking Veolia Environmental Services 
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landfill waste. Face to face interviews were conducted with respective football clubs waste contractors to verify 
the information given by each club regarding their waste management. Structured interviews were conducted to 
obtain information on waste management. Information obtained included amount of waste collected, the type 
and size of waste container used, frequency of collections and proportion of waste recycled. 
Waste per spectator was calculated by dividing the annual waste at the representative club at the league level 
by the annual number of spectators at that club. Then the resulting wastes per spectator figures were used to es-
timate annual waste generated at that football tier by multiplying waste per spectator by annual spectators at that 
football tier and the result extrapolated to national level. The GHG emissions were calculated by multiplying the 
annual waste landfilled at each football tier, by using DEFRA’s conversion factors of 290 kg CO2/1000 kg 
(commonly used in calculating emissions from municipal waste) [38].  
Greenhouse gas emissions are categorized into three scopes by the most widely used international accounting 
tool, the GHG Protocol [3] [38]. Scopes 1 and 2 cover direct emissions sources while scope 3 emissions cover 
all indirect emissions due to the activities of an organization such as waste disposal [39]-[41]. The CO2e emis-
sions were determined by using extrapolated annual waste at each football tier using the following formula: 
( )( ) ( )
2
2
CO e emissions from waste from football tiers
Total mass of waste landfill tonnes emission factor of waste landfill kg CO e tonnes .= ∑ ×
 
3. Results 
A total of ten questionnaires were completed by football club representatives as well as ten waste contractors 
(Table 2). Additionally, interviews and observations took place at each club. Total waste generated at football 
clubs during 2012/13 season ranged from about 2 tonnes to 345 tonnes. Annual number of spectators at the club 
level ranged from 931 spectators to 114,494. The waste per spectator ranged from 1.82 kg/spectator to 6.81 
kg/spectator; mean waste per spectator was 3.27 kg. The total number of spectators during 2012/13 season was 
9,162,067.  
3.1. Waste and Emissions from Football League Level 
The result of waste per spectator, annual waste, and annual attendance at football clubs and tiers for 2012/13 
football season is given in Table 3. 
3.2. Percentage Landfill and Diverted Waste from Football Tier 
The percentage of waste landfilled and diverted from landfill between the football tiers during 2012/13 season is 
shown in Figure 3. Tier 3 sent the least proportion of waste to the landfill (11%), while tier 6 sent the highest 
proportion of waste to landfill (53%). 
3.3. Extrapolated Result  
Table 4 shows the waste per spectator, annual attendance and extrapolated annual waste at the football tiers. 
Number of spectators ranged from 268,470 to 3,473,154. This resulted in total annual waste of approximately 
30,146 tonnes. At the league level (tiers 3 and 4) the annual waste was 19,367 tonnes, the mean was 9,683 
tonnes compared to non-league (tiers 5 to 10) with annual waste of 10,779 tonnes and a mean of 1,797 tonnes. 
The waste generated at the league level was almost double the waste generated at the non-league levels as 
shown in Table 4.  
3.4. Extrapolated Greenhouse Gas Emissions at Football Tiers  
The extrapolated greenhouse gas emissions from waste sent to landfill for tiers 3 to 10 was 2,149,529 (kg CO2e). 
The GHG emissions ranged from 35,453 (kg CO2e) to 564,386 (kg CO2e). The highest GHG emission was from 
Tier 6 as shown in Figure 4. The league level (Tier 3 & 4) emitted 914,796 (kg CO2e) while the non-league 
emitted 1,234,733 (kg CO2e) as shown in Figure 5. The result shows that GHG emissions varied across the 
football tier. 
Comparing, the greenhouse gas emission between the league and non-league levels, this study revealed that  
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Table 3. Annual attendance, annual waste and waste per spectator during 2012/13-football season.                         
Football Tier Selected Football Club  (representative of Football Tier) 
Annual Waste 
(tonnes) Annual Attendance 
Waste per Spectator 
(kg) 
Tier 3 Colchester United 281.69 81,179 3.47 
Tier 4 Southend United 345.77 114,494 3.02 
Tier 5 3 clubs* 97.50 38,376 2.54 
Tier 6 Chelmsford City 37.90 5,566 6.81 
Tier 7 East Thurrock 8.31 3,596 2.31 
Tier 8 Aveley 9.39 2,241 4.19 
Tier 9 FC Clacton 4.30 2,160 1.99 
Tier 10 Barking 1.69 931 1.82 
Waste per spectator = Annual club waste divided by annual attendance at the club. *Braintree Town FC, Dartford FC and Cambridge United FC with 
average annual waste, annual attendance and waste per spectator. 
 
Table 4. Football Tier, waste per spectator, total annual attendance and total annual waste 2012/13 season.                     
Football Tier Waste per Spectator (kg) Annual Attendance Annual Waste (tonnes) 
*Tier 3 3.47 3,473,154 12,052 
*Tier 4 3.02 2,422,218 7,315 
**Tier 5 2.54 1,041,886 2,646 
**Tier 6 6.81 539,217 3,672 
**Tier 7 2.31 413,765 956 
**Tier 8 4.19 463,398 1,942 
**Tier 9 1.99 539,959 1,075 
**Tier 10 1.82 268,470 489 
Source. Annual league attendance for 2012/13 football season for tier 3 to tier 10 [42]-[44]. *League level and **Non League level. 
Football Tier Annual waste waste per spectator annual attendance= × . 
 
 
Figure 3. Proportion of waste sent to and diverted from landfill at football tiers.                               
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Figure 4. GHG Emissions from waste sent to landfill at Football Tiers.                                 
 
 
Figure 5. GHG Emissions from waste sent to landfill at football league and non-League.                   
 
GHG emissions from the non-league level was higher than that of the league level. This suggests that the GHG 
contribution of non-league is also significant as shown in Figure 5. 
4. Discussion 
This study shows that football spectators generated large quantities of waste over a season. Table 1 shows that 
the number of spectators at each game drops down as you descend the football tiers. This drop in spectator 
numbers is particularly evident at non-league level where the number of clubs and games is much more than in 
the upper tiers. Nonetheless when aggregated nationally the resultant figures are on par with that of the Premier 
League [30]. Table 3 reveals; the mean waste per spectator at the league level was 3.24 kg per spectator, which 
was similar to 3.27 kg per spectator at the non-league level. The mean waste generated by each spectator for all 
the football tiers was 3.27 kg per spectator, which is more than 10 times the waste produced by each spectator at 
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2012 and 2013 FA cup final of 0.27 kg per spectator and 0.25 kg per spectator respectively [23] [24]. Table 3 
also shows the annual waste generated at Tiers 3 to 10 of the Football League. The resultant figure of over 
30,146,000 kg is about times 3 the waste generated at the 2012 London Olympic games [27]. Figure 3, shows 
that almost 30% of the waste generated at the 8 football tiers was sent to landfill, thereby resulting in GHG 
emissions of 2,149,529 kg CO2e. The percentage of waste sent to landfill (29%) as shown in Figure 3 was high-
er than the waste sent to landfill at FA Cup Final in 2012 (25%) and in 2013 (18%). The recycling rate from this 
study is about the same as household waste recycling rate in England [45]. The extrapolated GHG emissions of 
8 football tiers represented less than 1% of UK GHG emissions. The GHG emission from the non-league level 
was higher than the league level as compared in Figure 5. 
This study is the first to evaluate waste management practices among 8 football tiers in England. One of the 
factors that made the football clubs to act at reducing their GHG emissions was due to the increase in the landfill 
tax, which is the key policy driver employed under the 1999 EU Landfill Directive, which required a 50% re-
duction in biodegradable municipal waste landfilled in the UK by 2013 [46] [47]. The landfill tax has increased 
from its initial rate of £7/tonne in 1996 to £80/tonne in 2014 [48]. To further complement the impact of the 
landfill tax, football clubs and other sectors should encourage waste reduction, reusing and recycling, in order to 
reduce waste sent to landfill. Football clubs should encourage composting their organic waste to reduce GHG 
emissions. 
League and non-league football clubs need to start using better data collection methods. A good example 
would be the Pay-By Weight system to manage their waste effectively and monitor their performance [49]. 
Moreover, this study shows that there is an obvious desire among football clubs at various league levels to im-
prove their performance, with many now employing professional services to oversee their waste operations. In 
this study 70% of football clubs sampled employ the services of private waste contractor to manage their waste.  
Sports organizers in general and football clubs in particular should be at the forefront of better waste man-
agement with the result that GHG emissions are reduced. Since the worldwide popularity of football continues 
to grow, the industry can contribute positively to the environment by being responsible for the environmental 
management of all aspects of the game [50]. Corporate Social Responsibility is relatively a new concept in 
sports management. As a result of the industrialisation of football, clubs, national federations and continental 
confederations have four responsibilities under CSR. These are economic responsibility, legal responsibility, 
ethical responsibility and lastly discretionary responsibility [51]-[57] Sport, including football, has greater ef-
fects than other businesses in providing support and inspiration in such areas as education, health and wellness, 
environment, art and culture [58]. 
Football clubs do face issues of sustainability due to their operations [59]. Akansel reported that Besiktas 
football club through the “Be Green initiative” enlightened and encouraged their supporters to be more envi-
ronmentally friendly. The club started with their immediate environment, Inonu Stadium by installing recycling 
bins around the stadium and used energy efficient light bulbs and recycled napkins [50]. Football clubs are 
slower than other industries to adopt environmental management practices and develop CSR strategies because 
of their lack of positive attitude. Although they are addressing environmental sustainability, most do so in a non- 
strategic way with no formalized management systems. Although many corporate organizations have moved to a 
wider social audit of their performance that includes triple bottom line reporting of their economic, environmen-
tal and social performance. Football clubs have not yet moved in this direction [59]. 
5. Limitations of the Study 
One of the key limitations of the study was the fact that waste data collection was carried out at one football club 
per football tier. Future research could be strengthened by incorporating more clubs at each football tier and 
with more available resources.  
6. Conclusions 
The main aim of this study was to estimate the amount of waste produced at the various football tiers in England. 
This study has presented, for the first time, using waste generation data and GHG emissions at football tiers to 
extrapolate to national level the quantity of waste and GHG emissions from football in England. During the 
2012/13 football season, approximately 9 million spectators watched football, with average waste per spectator 
of 3.27 kg. The amount of waste generated at the 8 football tiers was approximately 30,146 tonnes. Waste sent 
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to landfill was about 7,412 tonnes, which resulted in GHG emissions of 2,149,529 kg CO2e, accounting for less 
than 1% of UK GHG emissions. The GHG emission at the league level was 914,796 (kg CO2e) which was less 
than emissions at the non-league level 1,234,733 (kg CO2e). 
Diverting waste from landfill appears to be the best option to adopt across football tiers to reduce GHG emis-
sions. Hence, football clubs have a lot to do to reduce their environmental impact. They have great opportunity 
to educate spectators to practice waste reduction and maximize waste recycling. 
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